Immune cells in acute kidney injury
Acute kidney injury (AKI) occurs in 3%-7% of patients admitted to tertiary care hospitals in industrialized nations (1) . In native kidneys, AKI-associated mortality approaches 50% when occurring in the intensive care unit, and AKI in allograft kidneys worsens short-and longterm kidney function. Ischemia/reperfusion injury (IRI) is a common cause, as are sepsis and nephrotoxins. There is no specific therapy except for supportive care and dialysis. While much of the initial work on AKI pathophysiology focused on the highly abundant epithelial cell, more recent studies have revealed an important role for immune, endothelial, and peritubular resident cells (2) . The evidence for the role of immune cells emerged from studies showing that leukocyte adhesion molecules (LAMs) mediated AKI; however, many of the beneficial effects were independent of neutrophils being targeted by LAMs, which was initially confusing (3) (4) (5) . Further studies demonstrated that T cells were activated during AKI, migrated to kidney, and directly mediated tissue injury (6) . This opened up the possibility of other immune populations such as DCs and NKT cells participating in AKI (ref. 7 and Figure 1 ). Work in other organs, such as lung, liver, and brain, has also revealed the engagement and participation of traditional immune cells in alloantigen-independent acute tissue injury (2, 8) .
Adenosine receptor 2A agonistinduced tolerogenic DCs in AKI Adenosine, a breakdown product of ATP/ ADP metabolism that accumulates in AKI, has been known to regulate lymphocyte responses and is thus an attractive target for modulating immune cells and improving outcomes in AKI (9) . In the current issue of JCI, Li et al. have elegantly demonstrated that DCs can be modulated by adenosine or selective adenosine receptor agonists to improve the course of AKI when administered prior to or at the time of ischemic injury (10). Li et al. found that kidney dysfunction and inflammation after IRI were accentuated in mice deficient in the adenosine receptor A 2A R only on CD11c + DCs, while selective A 2A R agonist ATL313 administration led to tissue protection. Studying bone marrowderived DCs primed with the glycolipid antigen α-galactosylceramide (αGC) to activate NKT cells led to a worsening of kidney dysfunction after mild (26 minutes) ischemia. Treating DCs that were primed with the NKT agonist αGC with adenosine receptor agonist protected from AKI. The DC therapy was effective if given 2 or 7 days prior to ischemic injury, or at 1 or 6 hours after injury, but not when started 24 hours after IRI. This finding indicates that modified DC cell therapy could be applied for prevention and early treatment; however, most patients are diagnosed well after ischemic injury, so the lack of effect when given 24 hours after ischemia may limit its practical application.
A key mechanism by which adenosinemediated DC cell therapy works in AKI appears to be via IL-10, a powerful antiinflammatory cytokine. IL-10 increased in kidney after adenosine-stimulated DC therapy, and blocking endogenous IL-10 more, what are the early signals that engage DCs in AKI as well as activate the other related immune pathways? Since T cells are known to modulate outcomes in AKI, either in a deleterious or protective way, depending on their functional subtype (20) , a key question is what the initial stimulus is for such a rapid response in the absence of alloantigen. To date, no AKI antigen has been identified as driving immune responses. One of the confusing findings has been that many different immune cells are known to mediate AKI, but their relationships with each other, their redundancies, and molecular mecha-
Unanswered questions
The current study by Li et al. sheds light on exciting mechanistic pathways during ischemic AKI and stimulates many other questions. The location of the effect of the adenosine-stimulated DCs could be intrarenal or extrarenal, including in lymph nodes. The recognition of IL-10 as a key mediator of these effects raises the question of the identity of the cell producing IL-10, since it is probably not the DCs themselves. Are all of the effects due to IL-10, and if so, could IL-10 be infused at an appropriate dose and time in the place of cell therapy? Furthering the immune system with cell therapy during AKI has to be balanced, as is the case in any immunosuppressive approach, with the risk of increasing the susceptibility to infection. Another possibility that has not been well studied in the experimental literature is that inflammation during AKI, though initially deleterious, could be important in repair. Thus interfering with early inflammation could ironically lead to more fibrosis long term, resulting in increased risk after an episode of AKI for development of chronic kidney disease (CKD) rather than full recovery.
Figure 1
Immune cells in AKI. Immune cells likely mediate AKI while in circulation and when localized in the renal microvasculature, renal interstitium, and lymphoid tissue. While in the renal microcirculation during reperfusion, these cells increase their adhesiveness and adhere to activated endothelium and other cells, accentuating the "plug" that contributes to the no-reflow phenomenon. Some immune cells migrate into the interstitium, but there are also well-described resident renal immune cells. T and B cell, DC, NK and NKT cell, macrophage, and neutrophil crosstalk accentuates the postischemic inflammation. These cells produce and respond to cytokines, chemokines, oxygen free radicals, complement, coagulant factors, and other mediators. Adenosine, acting via A2AR, activates DCs, which in turn modulate NKT cell function by decreasing IFN-γ secretion. This triggers increased IL-10 levels, which subsequently downregulate postischemic inflammation. Panels depict the outer medulla. Adapted with permission from the Journal of Molecular Medicine (2).
nisms underlying their roles in kidney injury and repair are largely unknown.
Furthermore, ischemic injury, the focus of the Li et al. paper, may not have the same pathophysiologic pathways as nephrotoxic injury or sepsis. Another key step will be to understand why so many mechanistic studies in rodents have shown protection while clinical studies targeting the same pathways have failed. Does ischemic injury in native kidneys have a different pathophysiology than IRI in allografts when additional factors such as brain death, cold transport, and immunosuppressive treatment are superimposed? Finally, a recent surge of data has identified AKI as an important risk factor for CKD (21) (22) (23) , and immune cells are likely important mediators between these two diseases, possibly related to autoimmunity (24) . The type of immune cells involved in AKI-to-CKD transition and the details of how they function will be important to elucidate.
